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Abstract
The production and decay of exotic leptons are discussed in the
context of the vector singlet, vector doublet and fermion mirror-fer-
mion models, at c.m. energies
√
s = 190GeV (LEP II) and
√
s =
500GeV (NLC). The model dependence of total cross sections and
kinematic distributions at these energies is shown to be weak for these
three extended models, indicating that it would be difficult to establish
which of them is best fit to describe the underlying new physics, should
exotic leptons be detected. We suggest that, in order to resolve this
difficulty, one should measure the angular distributions of single exotic
leptons in longitudinally polarized e+e− collisions.
PACS: 14.60.-z ; 13.35.+s
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I.Introduction
There exist at present many theoretical models that could generalize the
standard scenario: composite models, grand unified theories, supersymme-
try, technicolor, mirror fermions, superstrings, etc. All these models show
a common feature - they include new particles besides the ones presently
known. The next generation of high energy physics experiments will decide
which of these models, if any, corresponds to physical reality. If we take an
optimistic point of view and suppose that at HERA and/or e+e− energies
up to 500 GeV some ”new physics” will be found, then the major question
will be the theoretical origin of any new object ( hopefully) seen by the ex-
perimentalists. Since extended models have a large number of undetermined
parameters -masses, mixing angles, etc.- this will be a very difficult question
to answer. In this paper we only deal with the lepton sector. In previous
publications [1, 2] we compared predictions for exotic-lepton production and
decays in some of the most popular extended models: vector singlet (VSM)
[3], vector doublet (VDM)[4] and fermion mirror-fermion model (FMFM)
[5]. In ref.[2] we explicitly showed that it would be very difficult to establish
which of these three models might account for any eventual exotic lepton
that materializes in electron-proton collisions at present energies.
Here we consider e+e− collisions at
√
s = 190GeV (LEP II) and at a
future collider (NLC) with
√
s = 500GeV . New heavy lepton pair production
has been extensively studied in the literature [6] and is kinematically bounded
by ML ≤
√
s/2. All models predict mixing between light and heavy leptons
and allow single heavy lepton production [7] with masses up to
√
s. This
was investigated in ref.[1] for LEP I energies , and we extend our previous
analysis here for higher energies. In order to reduce the number of theoretical
inputs, we have assumed that at these energies new leptons interact only
via the ordinary gauge vector bosons γ, W± and Z0. Other gauge bosons
are predicted by many extended models, but the resulting new interactions
produce small effects at the current energy scale. Our results are organized
as follows: in section II we review the extended models, their couplings,
bounds and decay properties; in section III we consider unpolarized electron-
positron collisions; in section IV we consider the production of exotic leptons
with longitudinally polarized electron and positron beams, and in section V
we briefly state our conclusions.
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II.Models for new leptons
The general charged and neutral interactions of the new leptons (L0, L±)
mixed with the usual ones and the standard W and Z bosons can be written
as
LCC =
−g
2
√
2
{L¯0γµ(a1 − b1γ5)e− + ν¯γµ(a2 − b2γ5)L−}Wµ (1)
and
LNC =
−g
4cos θW
∑
i,j
{f¯iγµ(vij − aijγ5)fj}Zµ (2)
The coupling constants in eqs.(1) and (2) are given in table I of ref.[1] for
each of the three extended models. Upper bounds on the mixing angles were
obtained from phenomenological analysis [8] and lead to sin2θi
<
∼
0.01− 0.03.
The large number of mixing parameters imply a large number of couplings
in each model. We have taken into account the limiting situation of equal
angles which give V ±A, V or A couplings. In our estimates we have taken all
mixing angles to have the value θi = 0.1. This value is not a limiting bound
and can be easily scaled. Experimental bounds on heavy lepton masses set
a lower bound around the Z mass [9]. In the mass region ML > MZ the
dominant decay is given by L −→ lB, where B denotes either the W or the
Z boson and l an ordinary lepton. For the decay L(pL) −→ l(p1)B(p2) and
a general vertex of the form −ieγµ(Cv − Caγ5) the width is equal to
Γ(L −→ Bl) = 1
4
αML(C
2
v + C
2
a)(y −
3
y
+
2
y2
), (3)
where y = (
ML
MB
)2, whereas the differential decay rate is given by
dΓ =
1
EL
α
pi
{(Cv2 + Ca2)[p1.pL + 2
M2
2 p1.p2p2.pL]− 3(C2v − C2a)M1ML}
×δ(4)(pL − p1 − p2)d
3p1
2E1
d3p2
2E2
(4)
The electromagnetic decay L −→ lγ is strongly suppressed for the models
we are considering here, since they can occur only via one-loop processes. For
an exotic charged lepton the dominant decay mode is L− −→ νlW−. The
most favored final state is L− −→ νl + 2jets, with a branching ratio of
3
67%. The clean leptonic final states νl(e
−ν¯e) and νl(µ
−ν¯µ) have a branching
ratio of 11% each. For a neutral heavy lepton the main decay mode is
L0 −→ l−W+, and the values of the branching ratios for each mode are
similar to the corresponding ratios in the case of charged exotic leptons. A
final state with a real Z boson is also possible but suppressed relative to the
W boson case. We draw attention to an important point concerning this
two-body decay. In the familiar three-body fermion decay, the differential
decay rates show a linear dependence on the vector and axial couplings [2].
This simple fact leads to a different energy spectrum for the final fermions
in the V+A, V-A and V, A cases. In the two-body decay one can see from
eq.(4) that this is no longer true. This means that no model dependence
can be established from the decay spectrum only. Hence one must look for
differences in the basic production mechanism.
III.Unpolarized electron-positron collisions
The general expression for the angular distribution of single exotic leptons in
unpolarized e+e− collisions was given in the appendix of ref.[1]. The depen-
dence of the total cross section on the mass of the heavy charged lepton is
displayed in Figs. 1-2, for c.m. energies
√
s = 190GeV and
√
s = 500GeV .
The analogous curves for neutral lepton production are given in Figs. 3-4.
In ref.[1] it was shown that at
√
s = MZ the angular distributions of the
primary lepton (electron or reconstructed neutrino) could be used to dis-
tinguish the three extended model, both in the L±e∓ and L0ν¯e production
modes. In heavy-lepton production around the Z mass, the s-channel contri-
butions clearly dominate over those coming from t-channel and interference
terms. The most recent experimental searches, however, place the exotic-
lepton mass most likely above the Z mass. The s-channel contributions to
the unpolarized angular spectra are suppressed with respect to the t-channel
contributions at LEP II, and even more so at NLC energies. Explicit cal-
culations show that at LEP II, and especially at NLC energies, the power
of the unpolarized angular distributions of the exotic leptons to differentiate
one nonstandard model from another is rather limited, as depicted in Figs.
5-6. These two graphs correspond to the angular spectra of heavy neutral
leptons, but the same pattern is reproduced for exotic charged leptons.
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IV.Polarized electron-positron collisions
Polarized cross sections can often provide important information which oth-
erwise would be concealed in their unpolarized counterparts. In this section
we argue that the angular distributions of single exotic leptons, arising from
the collisions of longitudinally polarized e+e− beams at LEP II or NLC en-
ergies, are quite sensitive to the structure of the specific extended models
under study. As discussed earlier, this model dependence is negligible in
the unpolarized distributions, both at LEP II and NLC energies. Expres-
sions for the definite-helicity angular distributions dσ(h1,h2)/d(cosθ) can be
easily derived from the definite-helicity invariant differential cross section
dσ(h1,h2)/dt given in the appendix, where h1 and h2 stand for the helicities of
the incoming electrons and positrons respectively, and θ is the angle of the
exotic-lepton three-momentum with respect to the direction of the electron
beam. Our numerical calculations of spin-averaged cross sections and angu-
lar distributions are consistent with those in refs.[1] and [10]. In order to
reduce normalization uncertainties, we computed the angular distributions
A(h1,h2)(cosθ) ≡ 1
σ(h1,h2)
dσ(h1,h2)
d(cosθ)
, which are normalized to the corresponding
definite-helicity total cross sections.
Figs. 7-8 show polarized angular distributions concerning the production
of charged heavy leptons at LEP II energy
√
s = 190GeV and a lepton mass
ML = 120GeV . Fig.7 shows the angular distribution A(−,−)(cosθ) for the
FMFM and the VSM. Only the t-channel contribution is nonvanishing, since
helicity conservation forbids that the reaction proceed via the s channel if
h1 = h2. Moreover, the t-channel contribution vanishes in the case of the
VDM on account of the V+A character of the nonstandard neutral weak
current in this model. When h1 = h2 = 1 the angular distributions for the
VDM and the FMFM look very much like the one shown in Fig.7, but now
it is the angular distribution for the VSM that is equal to zero. This can
be understood in terms of helicity conservation and the V-A nature of the
nonstandard neutral weak current in the VSM. Fig.8 displays the distinct be-
haviors of the curves forA(−,+)(cosθ) according to the three extended models.
Since in this case the angular distribution for the VDM arises entirely from
the s-channel contribution, it will be suppressed at higher energies. Consid-
ering the reverse helicity combination h1 = −h2 = 1, we obtain the same
pattern of Fig.8, but now the roles of the VDM and VSM are interchanged.
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It is worthwhile to point out that the production rates of charged exotic lep-
tons with polarized beams are not particularly high at LEP II energies. We
estimate rates of the order of 5 events per year at a conservative luminosity
of 102pb−1/year. At a 500GeV NLC with a yearly luminosity of 10fb−1, on
the other hand, the production rates are about 103 events per year.
Next we discuss the angular spectra in the production of neutral heavy
leptons. First of all, the t-channel contributions to A(−,−)(cosθ) were found
to vanish in all three models. In the VDM this comes about because the
nonstandard charged weak current is V+A if all the mixing angles are taken
to have the same value. This choice of mixing angles and the V-A stan-
dard coupling W−e+ν¯ are responsible for the result in the FMFM. On the
other hand, for any set of mixing angles, both the standard and nonstandard
charged currents are V-A in the VSM, accounting for a vanishing t-channel
contribution. Fig.9 illustrates the angular distribution in the FMFM and the
VSM for the helicity combination h1 = −h2 = −1. The spectrum for the
VDM is not shown in the picture because the corresponding production rate
was found to be much smaller in this model. The curve for A(+,+)(cosθ) in
the VDM and FMFM is similar to the one shown in Fig.9. Here the t-channel
contribution in the VSM is also equal to zero. Finally, Fig.10 illustrates the
angular dependence of A(+,−)(cosθ) in the framework of the three models.
All the distributions arise exclusively from the s-channel process, and are
bound to be suppressed at higher energies. To conclude this section, it is
useful to draw attention to the fact that the production rates of exotic neu-
tral lepton are expected to be comparatively higher in the FMFM and VSM
for h1 = −h2 = −1, as well as in the VDM and FMFM for h1 = h2 = 1.
Taking all mixing angles equal to 0.1, we obtain rates of the order of 102
events/year at LEP II and 104 events/year at NLC.
V.Conclusions
The present and future e+e− colliders offer the opportunity to explore new
energy scales and search for manifestations of nonstandard physics, which
could turn out to be the discovery of exotic leptons. Assuming that exotic
lepton signatures are observable at LEP II or NLC, it is appropriate to ask
how to decide which extended model correctly accounts for this new physics.
At LEP I energies, the angular distribution of single exotic leptons is known
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to be sensitive to the structure of the three extended models in which we
are interested, namely, the vector doublet, vector singlet and the fermion
mirror-fermion models. Current experimental results suggest, however, that
the heavy-lepton mass is above the Z mass. We have shown that, at LEP
II and NLC energies, as the s-channel annihilation no longer dominates over
the t-channel exchange, the angular distribution of exotic leptons ceases to
distinguish the models. For this energy regime, we have demonstrated the
utility of measuring angular distributions of single exotic leptons produced
in the collisions of longitudinally polarized e+e− beams, with the purpose
of testing the various theories which have been proposed to generalize the
standard model of electroweak interactions. In order to reduce potential
systematic errors, it might be more expedient for the experimentalists to
measure helicity asymmetries.
Acknowledgments: This work was partly supported by CNPq and FINEP.
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Figure captions
Fig.1 Total cross sections as functions of the exotic charged lepton
mass ML− , for LEP II energy
√
s = 190GeV , according to the
VDM, FMFM and VSM.
Fig.2 Same as Fig.1, but for
√
s = 500GeV .
Fig.3 Total cross sections as functions of the exotic neutral lepton
mass ML0 , for LEP II energy
√
s = 190GeV , according to the
VDM, FMFM, and VSM.
Fig.4 Same as Fig.3, but for
√
s = 500GeV .
Fig.5 Normalized angular distributions of an exotic neutral lepton at√
s = 190GeV , for an input mass ML0 = 120GeV
Fig.6 Same as Fig.5, but for
√
s = 500GeV and ML0 = 300GeV .
Fig.7 Normalized angular distributionA(−,−)(cosθ) of an exotic charged
lepton according to the FMFM and the VSM, at LEP II, for an
input mass ML− = 120GeV .
Fig.8 Normalized angular distributionA(−,+)(cosθ) of an exotic charged
lepton according to the FMFM, VDM and VSM, at LEP II, for
an input mass ML− = 120GeV .
Fig.9 Normalized angular distribution A(−,+)(cosθ) of an exotic neu-
tral lepton according to the FMFM, VDM and VSM, at LEP II,
for an input mass ML0 = 120GeV .
Fig.10 Normalized angular distribution A(+,−)(cosθ) of an exotic neu-
tral lepton according to the FMFM, VDM and VSM, at LEP II,
for an input mass ML0 = 120GeV .
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Appendix
The definite-helicity invariant differential cross section dσ(h1,h2)/dt for the
production of single exotic leptons, through the reactions
e+ + e− −→ L−(L0) + e+(ν¯), is given by
dσ
dt
(h1,h2)
=
1
16pis2
|M(h1,h2)|2, (5)
where
|M(h1,h2)|2 = 8pi
2α2(1− h1h2)
D(s,MZ ,ΓZ)
×{(c22V + c22A)[(3− h1h2)(g22V + g22A) + 4(h2 − h1)g2V g2A]
×[s(s + 2t−M2L) + 2t(t−M2L)]
+4c2V c2A[(3− h1h2)g2V g2A + (h2 − h1)(g22V + g22A)]
×s(s + 2t−M2L)}
+
32pi2α2
D(t,MB,ΓB)
×{[(g21V + g21A)(c21V + c21A + 2(h2 − h1)c1V c1A)
−4h1h2c1V c1Ag1V g1A]
×[2s(s+ t−M2L) + t(t−M2L)]
−h1h2[(c21V + c21A)(g21V + g21A + 2(h2 − h1)g1V g1A)
−4h1h2c1V c1Ag1V g1A]
×t(2s + t−M2L)
+4h2[(c
2
1V + c
2
1A)g1V g1A − (g21V + g21A)c1V c1A]
×s(s−M2L)}
− 32pi2α2(1− h1h2)λ(s−M
2
Z)(t−M2B) + ΓZMZΓBMB
D(s,MZ ,ΓZ)D(t,MB,ΓB)
×{(1− h1h2)[(g1V g2V + g1Ag2A)(c1V c2V + c1Ac2A)
+(g1V g2A + g1Ag2V )(c1V c2A + c1Ac2V )]
+(h2 − h1)[(g1V g2V + g1Ag2A)(c1V c2A + c1Ac2V )
+(g1V g2A + g1Ag2V )(c1V c2V + c1Ac2A)]}
×(s + t)(s+ t−M2L) (6)
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with D(q2, m,Γ) ≡ (q2 −m2)2 + (mΓ)2.
In the equation above, h1(h2) stands for the helicity of the incoming elec-
tron (positron). For a W(Z) boson exchange in the t-channel, λ = 1(−1),
MB = MW (MZ) and ΓB = ΓW (ΓZ). Vertices e
+ν¯W− and e+e−Z0 are writ-
ten as −ieγµ(gkV − gkAγ5), whereas the nonstandard vertices e±L−Z0 and
e−W+L0 are expressed as −ieγµ(ckV −ckAγ5), where k = 1 refers to t-channel
Z/W exchange and k = 2 to the s-channel process.
10
References
[1] F. M. L. Almeida Jr., J. H. Lopes, J. A. Martins Simo˜es and C. M.
Porto, Phys. Rev. D44, 2836 (1991).
[2] F. M. L. Almeida Jr, J. A. Martins Simo˜es and A. J. Ramalho, Nuc.
Phys. B347, 537 (1990); B397 502 (1993).
[3] J. W. F. Valle, Nucl. Phys. Proc. Suppl. 11, 119 (1989).
[4] J. L. Hewett and T. G. Rizzo, Phys. Rep. 183, 193 (1989).
[5] F. Csikor and I. Montvay, Phys. Lett. B324, 412 (1994).
[6] W. Buchmu¨ller, talk given at the Europhysics Conference on High En-
ergy Physics, Marseille, July 1993, DESY 93-197, and references therein.
[7] K. K. Gan, Phys. Rev D39, 2510 (1989).
[8] P. Langacker et al. Rev. Mod. Phys. 64, 87 (1992); E. Nardi, E. Roulet
and D. Tommasini, Nucl. Phys. B386, 239 (1992); Phys. Lett. B327,
319 (1994).
[9] L3 Collaboration, O. Adriani et al., Phys. Lett. B295, 371 (1992).
[10] J. Maalampi, K. Mursula and R. Vuopionpera¨, Nucl. Phys. B372, 23
(1992).
11
This figure "fig1-1.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3

This figure "fig2-1.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3
This figure "fig1-2.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3
This figure "fig2-2.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3

This figure "fig1-3.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3
This figure "fig2-3.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3

This figure "fig1-4.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3
This figure "fig2-4.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3

This figure "fig1-5.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3
This figure "fig2-5.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9410348v3






